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ABSTRACT

» Students are taught the principles of ISOCS and SNAP ™
« and their applications for measuring nuclear material

« Students will learn the applications for ISOCS and SNAP ™
« Students will be able to describe the ISOCS analysis process

« Students will be able to describe the SNAP™ 4 step process
« Students will explain how ISOCS generates an efficiency curve

e Students will understand how to calculate a minimum detectable
activity (MDA) in SNAP™ and ISOCS

« Students will know the corrections necessary to perform a simple

assay estimate by hand calculation TNATL =S
, U AN =

Administration
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Terminal Learning Objective

Participants will understand the principles of ISOCS and SNAP™
and their applications for measuring nuclear material
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Enabling Learning Objective

* Define ISOCS and SNAP™

 List applications for ISOCS and SNAP ™

« Describe the ISOCS analysis process

* Describe the SNAP ™ 4 step analysis process

« Explain how ISOCS generates an efficiency curve

« Understand how to calculate a minimum detectable activity (MDA)
in SNAP™

* Know the corrections necessary to perform a simple assay
estimate by hand calculation
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What is ISOCS?

ISOCS = In-Situ Object Counting System
e Consists of software and characterized detectors from Canberra

* Determines absolute efficiency through mathematical modeling and
knowledge of detector properties

« Used for quantification of nuclear
and radiological material
— Mass
— Activity
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ISOCS Applications

Applications where no calibration standard is
available or practical to use

« Holdup
 \Waste characterization

 Environmental characterization of
radioactive contamination

* Many others, ISOCS
IS a very flexible method
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ISOCS Measurement Process

« Characterizing detector at the factory
* Acquiring spectral data from the object

« Specifying the dimensions and physical composition of the
measured object

* Generating an efficiency curve specific for the specified
measurement configuration

« Using the efficiency curve to analyze the acquired spectra to
calculate activity or mass
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Traditional Definition of Efficiency

Efficiency of a detection system: defined as the detector’s observed
(measured) peak area count rate divided by the expected gamma
emission rate for that gamma energy

number of photons registered by detector
number of photons emitted by the source

Efficiency =



OFFICE OF
-~ e~ NONPROLIFERATION AND
@ N A a2

A AR ARMS CONTROL (NPAC)

Efficiency Components

« Efficiency Is specific to each particular measurement
configuration and is dependent on a variety of factors

« Factors contributing to the full (absolute) efficiency:
— Geometry of nuclear material (distance, shape, etc.)
— Attenuation (container walls, absorbers, etc.)
— Object self-attenuation (attenuation in nuclear material)
— Intrinsic efficiency (efficiency of the detector crystal)

Sfull — €geom * €atten  Cself ' €int

10
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Classic Efficiency Calibration - Measured

* Well-characterized calibration source In fixed position from the
detector

 Measure detector response to the known mass of material
« Calculate calibration coefficient

M=Kk -CR

where

m — mass of the item

k — calibration coefficient

CR —count rate in the

detector Note, this calibration is dependent on the source-to-detector
distance and geometry of the nuclear material

11
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ISOCS Efficiency Calibration - Calculated

ISOCS allows the determination of the absolute
efficiency without using a calibration source sample B

+ Develop an MCNP model of the detector that continer
reproduces a set of measurements collected at the
factory

« Using this model and the MCNP code, generate a
large lookup table that presents efficiency versus
position versus energy for unattenuated point
sources

— This table is the “detector characterization” — it
IS customized for each detector

generic aftenuators 1 & 2

source attenuation
correction pathway

collimator attenuation
correction pathways

collimator
detector

12
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Detector Characterization

Performed at factory

« All HPGe detectors are unique

— Detectors can be made with various diameter and height combinations

— Variable dead-layer [front, sides, back]
* These parameters are not well known from the manufacturing process
« They cannot be determined by measuring a source

— But we need to know them accurately

— Use combination of manufacturing dimensions and multiple radiation
measurements under carefully controlled conditions

13
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NIST-traceable multi-energy sources
— Point %41Am, 152Eu sources

— Disc mixed gamma source
Counted at 8 locations

— Designed to determine important unknown detector
parameters

Use mechanical jig to assure precise geometry
Use standardized factory electronics

14
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Detector Characterization — Monte Carlo
Modeling

 Detailed MCNP model of detector created
— About 30 dimensional parameters

— Populated by manufacturing
dimensions

 Efficiency for each of the 8 source
geometries computed with MCNP

— Compared to measured efficiency

— MCNP model key parameters adjusted
so efficiency matches measured

« Diameter, height, setback, dead
layer [front, side, back]
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Detector Characterization — Lookup Table

« Validated MCNP model used to compute efficiency at 800 spatial locations
— High density where efficiency varies rapidly
— Radial symmetry assumed

« Gridding process used to interpolate efficiency between modeled points

« Efficiency parameters incorporated into supplied Detector Characterization file
used by ISOCS/LabSOCS software to create in-vacuo efficiency at each voxel
point

— 0 mm to 500 m distance
— all directions - front, side, back

— 45 keV - 7000 keV

16
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ISOCS Efficiency Determination

ISOCS is a user-interface to an engine that evaluates a numerical integral
« Users specify the geometry (i.e. detector, container, materials)

 The ISOCS software breaks the radioactive portion of the geometry into
‘voxels”

— Each voxel is treated as a point source

— The efficiency for the point source is obtained from the characterization
file (i.e. lookup table) modified by attenuation through all materials
between the source and the detector

gISOCS Z gcharacter pt attenuatlo N

voxels

17
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Hardware Configuration

ISOCS is traditionally used with HPGe detectors

— Factory characterized (specific characterization)
— Regqular detector (generic characterization)

Nal detector characterizations are also available
Multi-channel analyzer

Computer with Genie-2000 software

18
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ISOCS Models

= B

Almost any object likely to be encountered in the laboratory
or the field can be adequately modeled using one of the
ISOCS standard geometry templates
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Using ISOCS Templates

« Each template has a worksheet where operator can specify
necessary physical dimensions of the object

« Each template has a reference plane and reference point that
allows to specify detector position relative to the object

* Environmental conditions are important for lower energies and
long distances

« Chemical composition and densities of the container and matrix
must be specified
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Inputting Parameters

-~ Template Yersion - Detector and End-Cap - " Geometry Information 1 0K G e n e rl C DeteCtO r
[default (== ~]| | Desciiption [none I Characterizations
Save Data '?/Se lr-sliioer: | Diarn. lﬁ— Length 11 Comment Inone Cancel
- Dimensions Scale - - Edit Additional Equipment Help
& (e " inch : 7
';‘q"" i:“ Jc Collimator  |none Edit ‘ D etectar Ell"llj E I"Ilj'l:al:l
foat m Housing  [none Edit Show Template I
[~ Geometry Elements - /- Dimensions - [~ Density and Material — [~ <--- Select from List E Haml:lIE! il
# |  Description [ R e R | [RelConc | la/em3 | Material Call MuEditor: e
1 Container 0 o [ 0 foF : ~ - = .
2 | Source-TopLayer | [g 0 0 :;ﬂﬂ:ﬁum D |EI=45|TI|TI_|:|:IEI:':|EI )
3 | Source-Bot Layer 0 0 0 cellulost D ia=5l:lrnn'|_|:|:|a:-:ia|
Absorberl concrete . .
. e 2 (o | [copeer Dia=55mr_Coaxial
iz csteel . .
B Source-Detector 0 lu lo o [ dirt1 Dla:EDmm_l:Da:':lal
e L Clia=E5mm_Coaxial
et Chia=70mm_Coaxial
Picture Scale d:’" 3::t Dia=75 : —
= _ v 1a=7arm_Coaxial
& Auo O Fired cpory = !
: gemanum ior] Dia=280rmrn_Coaxial
glass . .
hiepory |— Dia=30rnrn_Coaxial —
o 1 Diia=E0rmrn_Planar
|§ Cha=7Ormm_Planar
4 Dia=80rmrm_Planar
_ 185039

Detector with serial number
8509

22
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Mu-library contains a variety of materials and compounds
Additional materials can be created and added

-

i - - A

‘ Editor of mu-library: 'c:\genie2k\isocs\data\parameters\mu04_8lb.txt’

Formula

- Chemical Formula Composer —

-

Element X n= 12
atom ratios

1] Cr Ir Pa Sm
e Cs K Pb Sn
wg Cu Kr Pd Sr
Wl Dy La Pm Ta
i Er Li Po Tb
s Eu Lu Pr Tc
st F Mg Pt Te
By Fe Mn Pu Th
B Fr Mo Ra Ti

Ba Ga N HRb TI

Be Gd Na Re Tm
Bi Ge Nb Rh U

Br H Nd Bn V¥

C He Ne Ru W
Ca HE Ni § Xe

Cd Hg Np Sb Y
Ce Ho Sc Yb
cl | Os Se Zn

Co: |h. B= Sii 2

Add As
| Compaonent

o] B

P

Mass
} percentage

- New Substance Composition - -
AR s, Clear I

Component Balance [allowable Addition): 0.0000 %

100.00%@0:15.20%1:84.80%[_U308]

< | m._ | »

Final Material Composition

0:15.20%U:84.80%[_U308:100.00%] -

Density, g/cm3 13-4
MName of the new substance lU308_new

Comment ldensily=3.4g/cm"3, enr=4.46%4

Exit Editor I Help

Add As

| Component

Kl
P

Mass
percentage

Load into
library

~ Material library ———
Double click for Info

[ 304s: [
acrylic =
aluminum
cellulos
concrete
copper
csteel

dirt1

dirt2

dirt3

dirt4

dryair
drydirt
epoxy
germanum
glass
hdepoxy —
hpolyeth
iron
kapton
labdirt1
lead
Ipalyeth
mgo

hai
plexigls
polvoroo

m

-

Delete substance I

23
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Geometry Composer Report

Once model is complete: bsd s uBEArXRGNK A ¢

A Geometry Composer Report

Date: Thursday, November 12, 2009
Description: simple_cylinder

« Check geometry validity
. . . Correent : exarmple = : AT s t' @
i s H i darameters controiing eificiency curve generation
* Verify efficiency [iiews [ e e e v T

Tenplate: SINPLE_CYLINDER, Version: default Eneray list | Integration |
aram ete rS Detector: 781 Energy interval is 45.0 - 7000.0 (defined by DCG)
Environment: Temperature= 22 C, Pressure= 760 mmuHg| 5 el e itinae
p Integration: Convergence= 1.00%, MDRPN= 2 (4) CRPN= Eneray, keV/ Error, % gnergy .
100.00  10.0 : :
- - Dimensions (nm) : 150.00 10.0 <-Add- ||0 ]
* Adjust environmental TPkl
300.00 5.0 _FE"_’TEL'
1l Container Z.00 70.00 26.00 S00.00 6.0 L
o B 2 Source-Top Layer 5.00 700.00 6.0
Con I Ions 3 Source-Bot Layer z0.80 1000.00 4.0 Files—
4 Absorberl 3.00 1400.00 4.0
] g Ansorhect PrReg 4.0 Load energy list
Edit Environment § 6 Source-Detector 165.00 11.00 .00 11.00 4
List of energies for efficiency curve generation: R > Save energy list
100.0 150.0 200.0 300.0 500.0 700.0 1000.0 UseDe[aqune,giesl
Temperature Pressure L ‘
t« Celziuz ¢ Fahrenheit  © Kelvin & mmHg  Atmosphere

- Yalue: |7ED
Yebe %
Felative humidity, & |30

Ok, | Cahcel

24
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Efficiency Calibration in Genie

Next step Is generating efficiency calibration curve in Genie-2000
software

& Gamma - 150CS*

File MCA NeEll&EH Display Analyze Edit Options Datasource Help
] Setup... b = |
* Choose curve type Ll | el -|o|5/Hl8|s|
Energy Onfpcalbrationsss By Counts: 5830 Preset: 1000/868.74
ff' = I = b = f' I Acqi  Energy Coefficients..,
« Store efficiency calibration file ]| :
Energy Recalibration. ..
) @ Eneray Show. ..
M Efficiency Calibration Curves ’-j Peak-to-Total
Curve ROI'l|  Peak-to-Total Show...
& L
o Measured = Calculated & E::]alilical ’ :_r:rt\;aro o D P ——
0.0007 i : E Datas Efficiency Show... By Nuclide List... |
0.0006 Scale ': . By Calibration File..,
0.0005 : ; oS Gain Evaluator. .,
' « Linear (" Log Auto Gain Adjust AL
00004 o i et
0.0003 . File Gain Adjust...
AL _,| _J Load...
0.0001 = St
0 | 1 ore..,
0 200 400 600 800 1000 1200
Energy (keY) Peak: [—
TIME INFO
Acq. Start: 11/12/2009 31312 PM Elapsed Preset
Next Dead Time: 1.53% Live [secs.): 868.740 1000
Comp. Preset Region: Real (secs.): 882.210 0
Datasource: 1SOCS 0 -0 (channels) Total (cnts.): 0.00 0
0K | Cancel Help List Pks... Print

25
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 Variety of reporting options available

— Genie-2000 allows for creating custom reports or modifying existing
« Example of the report showing both activity and mass of nuclear material

File: ISCCS

NID Library: CAGENIEZK\CAMFILES\U only _shurus.NLB

Efficiency Calibration: SIMPLE_EXAMPLE

Sample ID:_Sample title. Operator:
Analysis performed:11/12/09 3:33:42
No| Isotope Activity, Mass, Uncertainty, Comment
ucCi Gram %
1] U-235 20.14 9.59 0.49
2| U-238 55.67 165.91 0.95
Reviewed by:

Analyzed by:

26
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ISOCS Performance

The accuracy of ISOCS will be dependent on
 How well known the geometry and composition of the NM is

 How well known the geometry and composition of interviewing
material Is

* How closely the modeled geometry matches the measurement
configuration

For large quantities of NM material that are self attenuating, ISOCS
can only confirm the material that can be seen
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ISOCS Summary

* |ISOCS is a sophisticated system for mathematical efficiency
calibration and quantification of radioactive material

— No calibration source required
— Capabillities limited to the number of templates

* |ISOCS can be used for many problems, from characterization of
small samples in the laboratory, to process holdup in facility, to
waste containers, to environmental surveys

28
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What is SNAP™?

» SNAP = Spectral Nondestructive Assay Platform

B A point-kernel modeling routine
B A product of Pajarito Scientific Corporation

» Analyzes gamma ray data from other vendor’s detection systems (adaptable
to what you already own)

» Detector intrinsic efficiency and angular response determined empirically with
NIST traceable sources

» Quantifies any gamma emitting radiation source

B Assay results include activity and concentration
B Mass for SNM

/i N 0\,.
2o Ny A‘ =4
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SNAP™ Applications

» Developed in the 1990’s primarily as a means to assay a huge variety of waste
materials at LANL

» Additional features were added based on need

P Can also do laboratory measurement analyses on
B Small samples
B Holdup measurements

B Area sources
» Not recommended for “infinite plane” area source (e.g., Fukushima)

» Not recommended for U or Pu samples whose thickness is beyond “infinite” for
gammas

T NN )
i NI A AR

National Nuclea. rity Administratio
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Quantifying Source Activity or Mass

Net cps
G-EI-Y-S5A

Activity(Bq) =

Ty A
2 6.022E + 23

Mass(g) = Activity -

G: geometry or solid angle correction for source-detector distance
E,: intrinsic detection efficiency at that gamma ray energy

Y: yield (branching ratio) for specific gamma ray

SA: sources of attenuation (external shields and self absorption)
T,,: half life of the nuclide emitting that gamma ray

A: atomic mass of this nuclide

] NN
1l Ny A‘ ""a\

3 1 rity Administratii



Typical Waste Drum Setup

HPGe 1

Detector to Item Distance

55-gal drum

30-gal drum

Cardboard Insert

Height of Material

Table

Detector Height

(‘ ’ z SDrum Dolly
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Detector Solid Angle Fraction

Detector

y Gausstan Surface

Solid angle fraction out of 4= steradians for a
detector with radius R at a distance r from the
source where 6 = tan"*(R/r):

LI E(1—(:05 6)
Ar 2
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Detection Efficiency

SNAP uses the detector intrinsic efficiency (E,) in
calculations

The Intrinsic response Is fairly constant over a large range
of conditions (but not all)

_number of events recorded
&' number of photons incident




OFFICE OF
NONPROLIFERATION AND
ARMS CONTROL (NPAC)

Typical Intrinsic Efficiency for
HPGe Detector — limited range

SNAP Efficiency Calibration for HPGe Detector

O ——

0.90
TE@ 0.80
£ 070
-0 A " in fit =
3 0.60 owest energy peak used in fit = 80.57 keV
s | f \ Highest energy peak used in fit = 1086 keV
> 0.50
c 0.40 1 Efficiency Curve suspect below and above those points
o 0.
S [
I
Q
9}
=
=

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Energy (keV)



Intrinsic Efficiency Can Vary

with Distance
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) ©

SNAP Corrects for Angular Response

O
O
9 measurements at 10 degree o
Increments at 1 meter are taken to O
determine the angular response for
offnormal source locations ©
@




Collimated Detector: Efficiency as a

Function of Transverse Angles
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Relative Efficiency
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Attenuation Corrections in SNAP

Attenuation losses are a function of:
Materials in path of gammas
Inherent density of those materials

How the materials are dispersed in the volume of the sample container
— thus, the effective density of the sample material

Energy of the gamma ray

SNAP calculates Mass Attenuation Coefficients for each
gamma ray used in the calculations
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Shielding Materials and
Energy Relationship

& WOy N S I I R R I TITIg
E \ 185.7 keV 3

. 235 :

1.00 413.7 keV —

\ 239y -

o
w—h
(=]

—r

2

5=
3
/

pu N |§. . P 3
* 59.5 keV \\/2218 .0 keV 766.4 keV
L o i

T e
0.01 L1 1||1|rl 1 Lt 111l
» 1 ) : i P8 % . H
G.5i 6i6 0 i 8.8
f,‘.amm.a;bau :;aavuu ’(lln\i\
AT IA-TIGY miiCiYy \WIS V)

Total Nar;ow-Be.alﬁ Mass Attenuation Coefficient, u (eme/g)



Example of Mass Attenuation Fits
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2.50E-01

Mass Attenuation Fit for Carbon (Graphite)

2.00E-01

1.50E-01

1.00E-01

Y

= 0.64630978702508x0-31474628670258
R2 = 0.99628970595293

5.00E-02

0.00E+00
0

100 200 300

400

1.20E-01

1.00E-01

8.00E-02

6.00E-02

4.00E-02

2.00E-02

0.00E+00

Mass Attenuation Fit for Carbon (High Energy)

\

y = 1.70795891458088x-0-47961824623007

M o =N

R2=0.99713756261177

0

500

1,000

1,500 2,000
Energy (keV)

2,500
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5&' SNAP - Spectral Nondestructive Assay Platform

Identify
Nuclides

=== | Modeling Data

Assay
Calculations

— Reports

Speciral Nondestructive Assay Platform
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Process Step 1: Identify Nuclides
(Library Driven)

B Identify Nuclides &

Peak Doctor

Genie2k Spectrum Analysis Report for Peak Doctor Version Version 1.0.0

Genie2k Background Date of analysis: Nov 19, 2006

Genie2k ROI v RobWin has to be here as a token string for SNAP.
Detector Calibration: Tweety

. Spectrum ID: 11190602 &
search for Report Fil e
Znalysis Energy Range:  40.151keV to  2000.0keV 29.54.: Am241 4 59550 |

& 1200510
:
Load from Report File Egy (keV) Background
59.55 4795.1

.64 2565.3 Identify Peaks
2409.7 (F4)

.14
.86 2265.0
.87 2082.9
.91 1909.8
.10 1632.1
.29 1528.0
.25 1539.7
1682.2
1479.4
1233.3
1685.6
1653.9
1222.1
1275.5
667.5
1129.1
1048.2
919.6
965.7
699.2
668.8
868.0
509.4

Full

NORM FULL *(Library)*

BKG NORM *(Library)*

TRU Nuclides *(Library)*
Auto TRU *(Library)*
Pu238/Heat Source *(Library)*
Uranium *(Library)*
Activation/Spallation *(Library)*
Pa231 Series *(Library)*
U233 *(Library)*

Calibration Sources *(Library)*
Medical Nuclides *(Library)*

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1,
0.
o




Step 2: Enter Modeling Information

NYSA

Nerchmar Sacurity Amiisiration

o
NO
AR

FFICE OF

NPROLIFERATION AND
MS CONTROL (NPAC)

INTERNATIONAL NUCLEAR SAFEGUARDS

%’ Modeling Data [}
TA50 Caustic Tank _
Description
Length/Weight Units =| English
- b . Edit Detector
File ID| 11190602.RPu Activity Units ] Ci Calibration
= | ED ‘ Concentration Units =| (nCilg)
Custom WF ﬂ[ Empty Drum Edit Materials
‘ Choose/Edit
Custom Models
Model Type if Cylinder Primary Wall Thickness =| 0.280000 (in)
Height I[ 96.00 (in) Primary Wall Material =| Stainless Steel Note: Last setup is automatically
" : loaded as default.
Dlameterll 96.00 (in) Secondary Wall Thickness i| 0.000000 (in)
NAS 0.06 (in) c dary Wall Material ¥ None Save and load setup allows you
AnaularLimit@ea) X - g e v to save and recall commonly
gua el | i Tertiary Wall Thickness =| 0.000000 (in) S,
Detector to ltem Distance I[ 48.00 (in) Tertiary Wall Material & Nl
Detector Height § 12.00 (in) Save
2 Custom Setup
Left of Centerll 0.00 (in) ot =| 1800
m
Detector Calibration il Tweety OUILTImeAsec) | Loag
i 7000.00 03
Angular Correction §| Tweety: ScooBy @356 Alitude § ® Custom Setup
Primary Matrix Fraction (%) §| 100.00 Detection Limit §| MDA
Primary Matrix Material Air 5 Rate Loss Correction Factor =| 1.000
Secondary Matrix Material : Air GA Error #Sides =| 2 Sides hsaay.
I\ Matrix Weight I[ 24875 (lbs) Calculations (F1)
item Weight §| 5000.00 (Ibs) Analyst Steve Myers v
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Step 3: Interactive Assay S p——————
Calculations (user chooses peaks)

-
Security Adminiatration
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‘B Assay Calculations m}

398.66 1.39E-02
415.76 1.75E-02
238.58 4.36E-01
152.68 9.37E-06
129.30 5.29E-05
144.21 .89E-06
203.55 .73E-06
345.01 .53E-06 Search for File
367.07 .59E-07
375.05 1.55E-05
380.17 .05E-06
382.75 .59E-06

392.84 .55E-06 Calculat
- SE50 alculate
413.71 .47E-05 8 368
3 5 Activity (F4)

Load from File

422.60 .22E-06
451.48 .90E-06
.09E-06
1.89E-06 = :
N/A View Curves

3.10E-01

* Indicates that eneray is out of detector calibration range
Waste Matrix  Intrinsic Uniform Weighted Uniform Weighted Uniform Weighted Uniform Weighted
Energy Yield Net Counts  Bkg Counts wp Efficiency  Activity  Activity Conc Conc MDA MDA  Conc MDA Conc MDA
(keV) (sps/dps)  (counts)  (counts)  (cm2/g)  (cpsigps) (Ci) (Ci) {nCilg) (Ci) (Ci) (nCig)

Calculate
Detection Limits

125.29 4.14E-5 8082 2958 0.1427 6.1631E-1 | 6.2439E-1 | 8.4274E-1 | 2.7971E+2 | 2.8339E+2 2.0124E-2 | 2.0399E-2 | 8.8775E+0 | 8.9943E+0
721.99 1.89E-8 481 154 0.07237 2.5002E-1 | 5.9110E-1 | 5.9238E-1 | 2.6063E+2 | 2.6119E+2 7.4801E-2 | 7.4762E-2 | 3.2893E+1 | 3.2964E+1
152.88 9.37E-8 1437 2550 0.1225 B8.1990E-1 | 3.2829E-1 | 3.3980E-1 | 1.4828E+2 | 1.4973E+2 5.5853E-2 | 5.8201E-2 | 2.4538E+1 | 2.4780E+1 Reports (F1)

129.20 8.29E-5 5839 2488 0.1412 8.1916E-1 | 2.8085E-1 | 2.8438E-1 | 1.2383E+2 | 1.2539E+2 1.1251E-2 | 1.1392E-2 | 4.9607E+0 | 5.0231E+0 (Save Changes)
275.05 1.55E-5 2525 458 0.0982 4.0401E-1 | 2.7960E-1 | 2.8088E-1 | 1.2328E+2 | 1.2375E+2 1.1228E-2 | 1.1371E-2 | 4.9946E+0 | 5.0135E+0
413.71 1.47E-5 2088 288 0.0926 3.7675E-1 | 2.5171E-1 | 2.5257E-1 | 1.1098E+2 | 1.1138E+2 1.1118E-2 | 1.1153E-2 | 4.9008E+0 | 4.9176E+0
160.28 4.09E-8 125 0.1213 6.1598E-1 | 8.2170E-2 | 8.2737E-2 | 2.7412E+1 | 2.7682E+1 8.5962E-2 | 8.6746E-2 | 3.7902E+1 | 3.8248E+1
148.57 1.89E-8 758 2444 0.1247 6.21233E-1 | 9.1978E-1 | 9.2921E-1 | 4.0555E+2 | 4.0970E+2 2.8259E-1 | 2.8548E-1 | 1.2460E+2 | 1.2587E+2




Step 4: Finalize Reports
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sg Reports

TA50 Caustic Tank

11190602.RPu

Model

i Cyincer |
Height IIEECTIN in)
Diameter | NI in)
(in)

Volume 402.12 (f*3)

Detector Location
Distance (in)
Height IEEXCHEN n)
Left of Cemerm (in)

Detector M

Waste Matrix

Air

Waste Matrix Density

(oK) 9.909E-4

Package Weight
(os) I
Item Weight
(lbs) 5000.00
Waste Matrix Eff. Densi
_9.910E-4
Wall Thickness
Zilytyg  0.280000 [y
Secondary JEREUYUVUUEEE (in)
Tertiary KU (in)

Wall Material

IEL]  Stainless |
Secondary
Tertiary TN

Wall Material Density (g/cm3)
OED] 784050 |
Secondary
QELE]  0.000E+0 |

caEermor #sides [IIEEEE

Count Time

(sec) 1800
Altitude

)  7000.00

Rate Loss
Correction Factor
1.000

Lump Correction
None

Thickness (microns)

Notes:

Net counts displayed are equivalent to the detection limit. Include RPu?

Uniform Uniform Uniform

" Activity Conc SNM mass
Nuclide (ci) (nCiig) (a)

Am241 6.13E-1 2.70E+2 1.79E-1
Pu238 3.36E1 1.48E+2 1.96E-2
Pu239 2.71E1 1.19E+2 4.36E+0
Pu240 6.22E-2 2.74E+1 2.74E1
Pu241 9.20E-1 4.06E+2 8.93E-3
U235 <1.21E-6 <532E-4 < 5.59E-1

Summary:

+2s Error (%)
106.45
147.10
112.10
165.61
150.49
131.41

Print Report

M Edit Error Estimates

Uniform
Distribution
(push for
Weighted)

Calculate FGE

Detail: * Indicates that energy is out

of detector calibration range
Energy Yield Net Counts  Bkg Counts

Nuclide (keV) (gps/dps) (counts) (counts)
Am241 125.29 4.14E-5 8063 2958
Am241 721.99 1.89E-6 481 154
Pu238 152.68 9.37E-6 1437 2550
Pu239 129.30 6.29E-5 5839 2466
Pu239 375.05 1.55E-5 2525 456
Pu239 41371 1.47E-5 2088 368
Pu240 160.28 4.09E-6 125
Pu241 148.57 1.89E-6 758
U235 185.74 5.72E-1 407.309

Intrinsic
Efficiency
(cps/gps) (Ci) (Ci)
6.163E-1 6.34E-1 2.01E-2
2.500E-1 591E1 7.46E-2
6.199E-1 3.36E-1 5.57E-2
6.192E-1 2.81E1 1.13E-2
4.040E-1 2.80E-1 1.13E-2
3.767E-1 2.52E-1 1.11E-2
6.160E-1 6.22E-2 8.60E-2
6.213E-1 9.20E-1 2.83E1

5.947E1 | <1.21E6 1.21E-6

Activity MDA Conc MDA SNMmass +2s Error
(nCilg) () (%)
2.80E+2 | 8.88E+0 1.85E-1 168.39
261E+2 [ 3.29E+1 1.72E1 106.45
1.48E+2 | 245E+1 1.96E-2 147.10
124E+2 | 4.96E+0 | 4.53E+0 164.40
123E+2 | 499E+0 | 451E+0 113.78
1.11E+2 | 4.90E+0 | 4.06E+0 112.10
2.74E+1 3.79E+1 2.74E-1 165.61
406E+2 | 1.25E+2 8.93E-3 150.49

<532E-4 | 532E-4 | <559E-1 | 13141

View Errors

Return
{F2)

Return to Home
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Verification Results: PDP Challenge
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Performance
Demonstration
Project Drums with
various matrices used
to certify WIPP

assay systems

Point sources included Co60, Cs137, and Eul52
Matrix Materials included shredded paper and mixed metals



Results of Six Participants
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Results of Six Participants (NE—
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More Verification Results

OFFICE OF

FONPROLIFERATION AND

ARMS CONTROL (NPAC)

é INTERNATIONAL NUCLEAR SAFEGUARDS

Pu Disc Detector Mass of SNAP Result | % Difference
Pu239 (9) (9)
Pu Disc Tweety 108 110.4 2.22%
U-233 Metals Detector Mass of SNAP Result | % Difference
U233 (g) (¢))
Metal Piece 1 Roadrunner 107 100.0 -6.54%
Metal Piece 2 Roadrunner 72 74.3 3.19%
Pu-238 Rods Detector Certified Mass | SNAP Result % Difference
of Pu238 (q) (9)
Tweety 0.0952 0.1012 6.32%
STDSGPUL Mickey 0.0952 0.098 2.96%
Sylvester 0.0952 0.0912 -4.20%
Roadrunner 0.0952 0.0932 -2.10%
STDSGPUH Bullwinkle 0.5564 0.5878 5.64%
HEU Fuel Gross Weight | Certified Mass [ SNAP Result | % Difference
Rods of Rods (kg) of U235 (q) (9)
Lot 092 19.13 354.01 367 3.67%
Lot 097 21.08 106.13 109 2.70%
Lot 098 20.39 81.98 78 -4.80%
Lot 099 6.12 129.74 129 -0.59%




Uranium Drum Verification Results
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HEU Standards in Detector Certified Mass | SNAP Result % Difference
55 Gal Drums of U235 (g) (0)

STDSGUD1 Tweety 31.20 28.06 -10.06%
Mickey 31.20 30.98 -0.70%
Bullwinkle 31.20 30.50 -2.24%
Sylvester 31.20 32.13 2.98%
Roadrunner 31.20 27.98 -10.32%

STDSGUD2 Tweety 100.99 94.26 -6.66%
Mickey 100.99 101.22 0.23%
Bullwinkle 100.99 101.58 0.59%
Sylvester 100.99 96.60 -4.35%
Roadrunner 100.99 107.40 6.35%

There were many others — mostly in waste drums
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Summary

All necessary corrections are carefully performed to allow
for very good assay results of materials that are otherwise
“not amenable to measurement” by traditional assay
systems

Several HPGe systems are certified to perform
safeguards measurements at LANL

MDA's can be determined and a Special Modeling
capabllity extends the potential use to many unique
challenges



